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DATA COMPRESSION ASSEMBLY HAVING 
SEVERAL DATA-COMPRESSION 

CHANNELS 

FIELD OF THE INVENTION 

The invention relates to a data-compression assembly 
having several data-compression channels. The data 
compression channels may be, for example, encoders Which 
encode different programs in accordance With a standard of 
the Moving Pictures Experts Group (MPEG). The encoded 
programs may be multiplexed so as to form a so-called 
bouquet. The bouquet may then be transmitted to a receiver 
Which selects a particular program from the bouquet and 
decodes the selected program. 

BACKGROUND ART 

The International Application published under number 
WO 96/20568 describes a video signal encoding apparatus 
for encoding tWo or more video signals. The apparatus 
comprises an encoder stage for each video signal. The 
encoder stage encodes the video signal as a speci?ed number 
of data bits per encoded video frame. The encoder stage 
outputs an encoded video signal at a bit rate determined by 
the speci?ed number of data bits. A target setting sets 
speci?ed numbers of data bits for respective encoder stages 
such that the sum of the respective encoder stage output bit 
rates remain substantially constant. The respective encoded 
video signals are Written into a buffer memory and are 
subsequently read from the buffer memory at respectively 
speci?ed output rates. 

The target setting thus provides a joint-bit rate control: a 
constant overall output bit-rate is maintained despite varia 
tions in the individual channel bit rates. The target setting 
may derive a ratio relating the respective information con 
tents of the video image frames received by the respective 
encoder stages. The speci?ed number of bits Would then be 
set by dividing a total number of bits available among the 
channels according to the ratio. 

SUMMARY OF THE INVENTION 

Let it be assumed that a data compression assembly has 
several data-compression channels. Let it further be 
assumed that a data-compression channel comprises a data 
compressor and a buffer memory space. The data compres 
sor compresses input data so as to obtain compressed data. 
The buffer-memory space temporarily stores the compressed 
data and provides the compressed data in the form of an 
output data stream. The background-art encoding apparatus 
is an example of such a data-compression assembly. 

It is an object of the invention that the data-compression 
assembly yields a relatively good quality of compressed 
data. To that end, the invention takes the folloWing aspects 
into consideration. 

Compressed-data quality Will generally decrease as the 
extent to Which the data is compressed increases, and vice 
versa. For example, in MPEG video encoding, the extent to 
Which a picture is compressed depends on a quantiZation 
parameter. An encoded picture Will comprise relatively feW 
bits if the quantiZation parameter has a high value. HoWever, 
the encoded picture Will then have a relatively poor resolu 
tion. Conversely, an encoded picture have a relatively good 
resolution if the quantiZation parameter has a loW value. 
HoWever, the encoded picture Will then comprise relatively 
many bits. 

10 

15 

25 

35 

45 

55 

65 

2 
The extent of compression may be controlled, for 

example, by means of a target. This is done in the back 
ground art. A target is a desired number of bits for an 
encoded picture. The quantiZation parameter is controlled 
such that the target is substantially achieved. When encoding 
a picture, the quantiZation parameter may need to have a 
relatively high value in order to achieve the target. In that 
case, one could say that the picture is difficult to compress. 
Conversely, the target may be achieved With the quantiZation 
parameter having a relatively loW value. In that case, one 
could say that the picture is easy to compress. Thus, sup 
posing that there is a ?xed target, a picture Which is easy to 
compress Will have a relatively good quality once it has been 
encoded, Whereas a picture Which is difficult to compress 
Will have a relatively poor quality. 

The background art seems to apply the folloWing prin 
ciple. There is a total target for each successive set of 
concurrent pictures Which are to be encoded in the different 
encoding channels. The total target is such that the sum of 
the respective encoder stage output bit rates remains sub 
stantially constant. Thus, the total target should be the same 
for each set of concurrent pictures. For each set, it is 
established Which pictures are relatively easy to compress 
and Which pictures are relatively dif?cult to compress. The 
total target is partitioned among the pictures in the folloWing 
manner. A picture Which is rather difficult to compress is 
given a relatively high individual target. Conversely, a 
picture Which is relatively easy to compress is given a 
relatively loW individual target. Thus, in a manner of 
speaking, there is a ?xed budget in terms of number of bits 
to be spend in encoding a set of concurrent pictures. The 
budget is partitioned such that concurrent compressed pic 
tures have a substantially uniform quality. 
The principle applied in the background art has the 

folloWing inconvenience. It may happen that, at a certain 
instant, there are relatively many pictures Which are difficult 
to compress Whereas, at an other instant, there are relatively 
feW pictures of that kind. Since the total target is constant, 
pictures Which are dif?cult to compress Will have a relatively 
loW individual target at the former instant Whereas these 
pictures Will have a relatively high individual target at the 
latter instant. Consequently, the quality of the compressed 
pictures Will vary in time. 

According to the invention, indications of compressed 
data quality versus extent of compression are established for 
respective data-compression channels. A total output bit rate 
is partitioned over respective output data streams in depen 
dence on these indications. The extent of compression in 
respective data-compression channels is controlled individu 
ally on the basis of output data stream bit rate and amount 
of compressed data stored in the buffer memory space. 

Since, in the invention, the extent of compression in 
respective data-compression channels is controlled 
individually, a data compression channel has its oWn budget 
in terms of number of bits it can spend for compressing data 
over a certain future period in time. The budget is deter 
mined by the output data stream bit rate and the amount of 
coded data stored in the buffer memory space. When a 
data-compression channel receives data Which is dif?cult to 
compress, the output data stream bit rate of that data 
compression channel can be increased. As a result, the 
budget Will increase. HoW many bits Will be spend for 
encoding a particular data portion is decided by the data 
compression channel individually. 

Thus, in the invention, the respective encoding channels 
have ?exible budgets and the decision hoW to spend a budget 
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is locally made. In contrast, in the background art, there is 
a ?xed budget and the decision hoW to spend the budget is 
centrally made. Thus, the invention provides greater ?ex 
ibility in data-compression control. Consequently, the inven 
tion alloWs the respective data-compression channels to 
better maintain the quality of compressed data at a substan 
tially constant level. 

The invention and additional features, Which may be 
optionally used to implement the invention to advantage, are 
apparent from and Will be elucidated With reference to the 
draWings described hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a conceptual diagram illustrating basic features 
of the invention as claimed in claim 1. 

FIG. 2 to is a conceptual diagram illustrating additional 
features as claimed in claim 2. 

FIG. 3 is a block diagram illustrating an example of a 
video encoder assembly in accordance With the invention. 

FIG. 4 is a block diagram illustrating an encoder Which 
forms part of the video encoder assembly illustrated in FIG. 
3. 

FIG. 5 is a flow chart illustrating a method of joint bit-rate 
control for the video encoder assembly illustrated in FIG. 3. 

FIG. 6 is a graph illustrating, for an encoder in the video 
encoder assembly illustrated in FIG. 3, transfer of encoded 
data via the output buffer of the encoder and via the input 
buffer of a hypothetical decoder. 

FIG. 7 is a graph illustrating a method of calculating a 
minimum neW bit rate and a maximum neW bit rate for an 

encoder in the FIG. 3 video encoder assembly. 

FIG. 8 is a flow chart illustrating an example of a method 
of quantization parameter control for the encoder illustrated 
in FIG. 4. 

DETAILED DESCRIPTION OF THE DRAWINGS 

The folloWing remarks relate to reference signs. Like 
entities are designated by like letter references in all the 
Figures. Several similar entities may appear in a single 
Figure. In that case, a digit or a suffix is added to the letter 
reference in order to distinguish like entities. The digit or the 
suffix may be omitted for convenience or it may be replaced 
by an asterisk in the case Where its value is not important (do 
not care value). This applies to the description as Well as the 
claims. 

FIG. 1 illustrate basic features of the invention in solid 
lines. A data compression assembly has several data 
compression channels DCC. A data-compression channel 
comprises a data compressor CMP and a buffer-memory 
space BUF. The data compressor compresses input data D so 
as to obtain compressed data Dc. The buffer-memory space 
temporarily stores the compressed data and provides the 
compressed data in the form of an output data stream DS. 

Indications IND of compressed-data quality Q[Dc] versus 
extent of compression E[CMP] are established for respective 
data-compression channels. A joint bit-rate controller JBRC 
partitions a total output bit rate Rtot over respective output 
data streams DS in dependence on these indications. The 
extent of compression in respective data-compression chan 
nels is controlled individually on the basis of output data 
stream bit rate R and amount of compressed data F stored in 
the buffer memory space. 

To advantageously implement the features illustrated in 
FIG. 1, the folloWing aspects have been taken into consid 
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4 
eration. It can be said that a data portion is difficult to 
compress if the data portion can be compressed to a rela 
tively small extent only for a given compressed data quality 
or if the compressed data quality is relatively poor for a 
given extent of compression. There are various manners to 
establish indications of compressed data quality versus 
extent of compression. For example, these indication may be 
established on the basis of recent compression experiences. 
It is then assumed that a data portion Will be difficult or easy 
to compress if a preceding data portion was difficult or easy 
to compress. This approach Will give satisfactory results if 
there are gradual changes only in terms of difficulty to 
compress. 

FIG. 2 illustrates the folloWing features Which may be 
optionally applied in addition to the features illustrated in 
FIG. 1. A data-compression channel DCC carries out tWo 
types of data compression one after the other. There is a ?rst 
data compression DC1 for establishing the indication IND of 
compressed-data quality Q[Dc] versus extent of compres 
sion E[CMP]. There is a second data compression DC2 for 
providing compressed data Dc Which Will form part of the 
output data stream DS. 

The features illustrated in FIG. 2 provide the folloWing 
advantages. The indication includes a compression experi 
ence for data Which has yet to be compressed in order to 
form part of the data stream. Consequently, the indication 
Will be more up-to-date and thus more precise than an 
indication Which is based on compression of previous data 
only. Since the indication is more precise, the total bit rate 
can be partitioned more precisely among the data streams. 
That is, the partitioning of the total bit rate can better match 
the needs of the data-compression channels in terms of 
number of bits. Consequently, the FIG. 2 features contribute 
to a satisfactory quality. 

FIG. 3 illustrates an example of a video encoder assembly 
incorporating the features described hereinbefore With ref 
erence to FIGS. 1 and 2. The video encoder assembly 
receives several video programs VP and, in response, pro 
vides a multiplex MPEG data stream MMDS. The multiplex 
MPEG data stream MMDS contains an MPEG encoded 
version of each video program VP. The video encoder 
assembly comprises several encoders ENC, a multiplexer 
MUX and a joint bit-rate controller JBRC. 

The video encoder assembly basically operates as fol 
loWs. Each encoder ENC encodes a different video program 
and provides an MPEG data stream MDS to the multiplexer. 
The multiplexer combines the MPEG data streams so as to 
obtain the multiplex MPEG data stream MMDS. Each 
encoder further establishes a bit-rate control indication IND 
With each picture in the video program it encodes. The 
bit-rate control indication is an estimation of how difficult it 
is, or hoW easy, to encode the current picture and a number 
subsequent pictures. A picture is difficult or easy to encode 
if, for a given quality, the coding of the picture produces 
relatively many or relatively feW bits, respectively. 
The joint bit-rate controller partitions a total bit rate Rtot 

among the video encoders on the basis of the bit-rate control 
indications it receives. That is, the joint bit-rate controller 
allocates a certain bit rate R to each encoder, the sum of 
these bit rates being the total bit rate. An encoder supplies its 
MPEG data stream to the multiplexer at the bit rate it has 
been allocated. The joint bit-rate controller Will allocate a 
higher bit-rate to an encoder receiving pictures Which are 
difficult to encode than an encoder receiving pictures Which 
are easy to encode. By doing so, the joint bit-rate controller 
maintains a substantially constant quality ratio betWeen 
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encoded pictures provided by the respective encoders. 
Furthermore, the joint bit-rate controller helps the respective 
encoders to provide successive encoded pictures at a sub 
stantially constant quality. This Will be explained in greater 
detail hereinafter. 

FIG. 4 illustrates an encoder ENC Which forms part of the 
video encoder assembly illustrated in FIG. 3. The encoder 
comprises encoding circuitry EC, an output buffer OBUF 
and a controller CON. It basically operates as folloWs. The 
encoding circuitry encodes successive pictures P in depen 
dence on a quantization parameter QP. The encoding cir 
cuitry supplies encoded pictures Pe to the output buffer 
OBUF. The output buffer outputs the encoded pictures in the 
form of an MPEG data stream having a bit rate R. 

There are three types of encoding in accordance With 
Which a picture may be encoded: I-type, P-type and B-type 
encoding. A picture Which is I-type, P-type or B-type 
encoded Will be referred to as I-, P- and B-picture, 
respectively, hereinafter. Furthermore, there is a cyclic pat 
tern in the type of encoding Which is applied. Each cycle 
begins With an I-type encoding and is folloWed by one or 
more P- and B-type encodings. Acycle covers N pictures, N 
being an integer. For example, for N=6, the cyclic encoding 
pattern may be I-B-B-P-B-B. 

The controller controls the bit rate on the basis of joint-bit 
rate control messages JBRCM it receives from the joint 
bit-rate controller. A joint bit-rate control message de?nes a 
bit rate for the encoder and further de?nes When this bit rate 
has to be applied. Thus, in effect, the joint-bit rate control 
messages de?ne a bit rate pro?le for the encoder. The 
controller controls the bit rate in accordance With the bit-rate 
pro?le. It does so by means of a bit-rate control signal RC 
Which determines the rate at Which encoded picture data is 
read from the output buffer. 

The quantization parameter substantially determines the 
quality of the encoded pictures. The loWer its value While 
encoding a picture, the higher the quality of the encoded 
picture is, but the more bits the encoded picture Will com 
prise. The quantization parameter should preferably have a 
value Which is substantially constant and as loW as possible 
Without causing under?oW or over?oW in an input buffer of 
a decoder receiving the MPEG data stream. 

The controller controls the quantization parameter on the 
basis of several parameters. One parameter is the bit-rate 
pro?le as de?ned by the joint bit-rate control messages. An 
other parameter is the amount of encoded data F contained 
in the output buffer. These tWo parameters de?ne the room, 
in terms of number of bits, Which is available for encoding 
a group of pictures. An other parameter used for quantization 
parameter control, are encoding results ER. The encoding 
results provide information on hoW to partition the available 
room among the pictures such that the quantization param 
eter has a substantially constant value. An encoding result 
for a picture, or a portion thereof, may be expressed as 
folloWs: the number of bits produced by the encoding of the 
picture, or its portion, multiplied by the quantization param 
eter value Which has been applied. This product Will here 
inafter be referred to as complexity. 

The encoder may operate in a single-pass mode or in a 
double-pass mode. In the single pass mode, the encoding 
circuitry encodes a pictures only once. That is, a picture 
passes the encoding circuitry, as it Were, only once. During 
that single pass, the controller controls the quantization 
parameter using encoding results relating to previous pic 
tures only. In the double-pass mode, the encoding circuitry 
encodes a picture tWice. That is, a picture passes the encod 
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6 
ing circuitry, as it Were, tWice. In the ?rst pass, the picture 
is encoded While the controller applies a ?xed quantization 
parameter. The ?rst pass serves to obtain encoding results 
relating to the picture. In the second pass, the controller 
controls the quantization parameter as described hereinbe 
fore using the encoding results obtained in the ?rst pass. 
Thus, the quantization parameter control Will generally be 
better in the double pass mode than in the single pass mode. 

The controller further establishes a bit-rate control indi 
cation IND With each picture to be encoded. In the single 
pass mode, the encoder establishes the bit-rate control 
indication on the basis of encoding results relating to pre 
ceding pictures only. In the dual-pass mode, the encoder 
establishes the bit-rate control indication on the basis of 
encoding results Which include an encoding result of the 
current picture. FIG. 5 illustrates a method of joint bit-rate 
control for the video encoder assembly illustrated in FIG. 3. 
In an initialization step GSl, the joint-bit rate controller 
assigns a target bit rate Rtarget to each encoder ENC. The 
target bit rate Rtarget determines the average quality of the 
encoded pictures provided by the encoder concerned. 
The folloWing series of steps are carried out repetitively. 

For example, they may be carried out every picture period. 
In an indication-calculation step GS2, each encoder calcu 
lates a bit-rate control indication IND and sends the bit-rate 
control indication to the joint bit-rate controller. The bit-rate 
control indication may be calculated as folloWs. The bit-rate 
control indication is an average picture complexity AVX 
multiplied by the target bit rate for the encoder divided by 
a measure of luminance entropy ACT. The average picture 
complexity is calculated as folloWs. It is assumed that for the 
N-l subsequent pictures each I-, P- and B-picture has a 
complexity Which is that of the most recent encoded I-, P 
and B-picture, respectively. The average picture complexity 
is then the average complexity of the current picture and the 
N-l subsequent pictures. The luminance entropy is the 
average of macro block activities in the most recent encoded 
picture Which is the previous picture in the single-pass mode 
or the current picture in the dual-pass mode. Macro block 
activity is de?ned in the document ISO/IEC JTC1/SC29/ 
WG11/N0400, April 1993, “Test Model 5, Draft Revision 
2”, section 5.2.2, page 60. 

In a bit-rate calculation step GS3, the joint bit-rate con 
troller calculates, for each encoder, an optimal bit rate Ropt 
Which should ideally be allocated to the encoder. The 
optimal bit rate for an encoder is the bit-rate control indi 
cation of the encoder divided by the sum of all bit-rate 
control indications multiplied by the total bit-rate. Thus, in 
effect, the optimal bit rate is a portion of the total bit rate. 
The size of the portion corresponds to the contribution 
Which the bit-rate control indication makes to the sum of all 
bit rate control indications. 

In sWitch-time examination step GS4, a number of dif 
ferent sWitch times TsW are examined. A sWitch time is an 
instant When the bit-rates of the respective MPEG data 
streams may be modi?ed. Some sWitch times, or even all 
sWitch times, may be sooner than the current instant plus a 
constant end-to-end delay. The constant end-to-end delay is 
the difference betWeen the instant When an encoded picture 
is Written into the output buffer of an encoder, and the instant 
When the encoded picture is read from an input buffer of a 
hypothetical decoder Which is directly coupled to the 
encoder. That is, there is no transmission delay betWeen the 
encoder and the hypothetical decoder. 
The sWitch-time examination step GS4 comprises tWo 

sub-steps Which are carried out for each sWitch time indi 
vidually. 
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In a bit-rate clipping sub-step GS4a, the joint bit rate 
controller establishes a clipped optimal bit rate Roptc for 
each encoder in the following manner. The joint-bit rate 
controller ?rst calculates a maximum new bit rate Rmax and 
a minimum new bit rate Rmin for MPEG-2 compliance of 
the encoder. The encoder is MPEG-2 compliant if the MPEG 
data stream it provides neither causes under?ow nor over 
?ow in a decoder input buffer. Over?ow will occur if the 
new bit rate exceeds the maximum new bit rate and under 
?ow will occur if the bit new rate is below the minimum new 
bit rate. The manner in which the joint bit-rate controller 
calculates the minimum new bit rate and the maximum new 
bit rate will be explained in greater detail hereinafter. The 
clipped optimal bit rate is the optimal bit rate de?ned 
hereinbefore unless the optimal bit rate causes under?ow or 
over?ow. In that case, the clipped optimal bit rate is the 
minimum bit rate or the maximum bit rate, respectively. 

In a delta-rate calculation sub-step GS4b, the joint bit rate 
controller calculates for each encoder a delta rate AR. It is 
assumed that the bit rate is switched to the clipped optimal 
bit rate at the switch time under investigation. The joint 
bit-rate controller calculates the average bit rate which will 
then be obtained over a time interval covering the current 
picture and the N-l subsequent pictures. The delta rate is 
difference between the optimal bit rate and the average bit 
rate thus calculated. Ideally, the delta rate should be Zero for 
each encoder. 

In a switch-time selection step GS5, one of the investi 
gated switch times is selected in the following manner. For 
each switch time, it is established which delta rate has 
highest value. This delta rate will be referred to as maximum 
delta rate. The higher the delta rate is, the more the bit rate 
concerned deviates from the optimal bit rate and, therefore, 
the greater the deviation from a desired quality ratio between 
the MPEG data streams. The switch time for which the 
maximum delta rate has the lowest value, is selected: 
Tswsel=Tsw=>MIN(MAX(AR)). 

In a bit-rate control step GS6, the joint bit-rate controller 
sends a joint bit-rate control message JBRCM to each 
encoder. The joint bit-rate control message speci?es the 
selected switch time. It further speci?es the clipped optimal 
bit rate for the encoder which applies to the selected switch 
time. Thus, the joint-bit rate controller programs each 
encoder to provide its MPEG data stream at the clipped 
optimal bit rate once the selected switch time is reached. 
Until that time, the respective encoders output their MPEG 
data streams as de?ned in previous bit-rate control mes 
sages. 

FIG. 6 illustrates, for an encoder in the video encoder 
assembly illustrated in FIG. 3, transfer of encoded data via 
the output buffer of the encoder and via the input buffer of 
a hypothetical decoder. FIG. 6 is a graph of which the 
horiZontal axis represents time T and of which the vertical 
axis represents amount of encoded data NB produced by the 
encoder in terms of number of bits. The vertical axis further 
indicates to which picture P the encoded data belongs. The 
amount of encoded data grows with each successive picture 
P which has been encoded. 

The graph illustrated in FIG. 6 comprises three curves: A, 
B and C. Curve A represents encoded data which is written 
into the output buffer of the encoder. For example, curve A 
shows that encoded data belonging to picture P[i] is written 
into the output buffer at instant T[i]. Each picture period 
Tpp, a new picture is written into the output buffer. 

Curve B represents encoded data which is read from the 
output buffer so as to form the MPEG data stream. The slope 
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8 
of curve B is de?ned by the bit rate of the MPEG data 
stream. Curve B shows, for example, that encoded data 
belonging to picture P[i] is read from the output buffer after 
a delay ATob with respect to instant It is assumed that 
the hypothetical decoder receives the MPEG data stream 
without any transmission delay. As a result, curve B also 
represents encoded data which is written into the input buffer 
of this decoder. That is, picture P[i] is written into the input 
buffer at instant T[i]+ATob. 

Curve C represents encoded data which is read from the 
input buffer of the hypothetical decoder. It is assumed that 
a picture is read instantly from the input buffer. That is, it 
takes no time to read a picture. For example, curve C shows 
that encoded data belonging to picture P[i] is instantly read 
from the input buffer at instant T[i]+ATeed. ATeed repre 
sents a constant end-to-end delay. The constant end-to-end 
delay is thus the difference between the instant when a 
picture has been written into the output buffer of the encoder, 
and the instant when a picture has been read from the input 
buffer of the hypothetical decoder. It holds that ATeed= 
ATob+ATib, ATib representing an input buffer delay. The 
input buffer delay de?nes when a picture should be read 
from an input buffer of a decoder. 

At any instant, the amount of data contained in the input 
buffer of the hypothetical decoder is the difference between 
curve B and C at that instant. For MPEG compliance, this 
amount of data should remain between an upper bound and 
a lower bound. If this is the case, it is ensured that any 
MPEG-compliant decoder which receives the MPEG data 
stream will neither under?ow or over?ow. In this respect, 
any transmission delay between encoder and decoder plays 
no role. This is because the MPEG data stream comprises 
control words which de?ne for each picture when the picture 
has to be read from the input buffer. These control words 
de?ne ATib for each picture such that ATob+ATib=ATeed. 
Consequently, it always holds that the amount of data 
contained in the input buffer of the hypothetical decoder, 
will also be contained in the input buffer of a real decoder 
after a delay ATtrans, ATtrans being the transmission delay. 
Consequently, if the input buffer of the hypothetical decoder 
never under?ows nor over?ows, the input buffer of the real 
decoder will neither. 

Let it be assumed that the current time is instant T[i]: 
picture P[i] is just about to be encoded and, consequently, 
just about to be written into the output buffer of the encoder. 
This implies that any instant later than T[i] is the future. It 
has already been mentioned that any encoded picture which 
is written into the output buffer will be read from the input 
buffer after a delay ATeed. Consequently, the future of curve 
C can exactly be predicted within a time interval which 
extends ATeed from the current time. It solely depends on 
the future of curve B within the same time interval whether 
there will be under?ow or over?ow, or neither of those two. 
The future of curve B is de?ned by a bit rate pro?le for the 
MPEG data stream. The bit rate pro?le is determined by the 
joint bit-rate controller as explained hereinbefore with ref 
erence to FIG. 5. 

FIG. 7 illustrates a method of calculating a minimum new 
bit rate and a maximum new bit rate for an encoder in the 
FIG. 3 video encoder assembly. The calculation applies for 
a bit-rate switch at a future instant T[i]+ATsw, with ATsw 
being comprised between 0 and ATeed. FIG. 7 is a graph 
which recaptures the features of the graph illustrated in FIG. 
6. For the sake of simplicity, it is assumed that the bit rate 
is substantially constant and equal to R1 until T[i]+ATsw. 
The amount of data below which the input buffer will 
under?ow is supposed to be Zero. The amount of data 
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beyond Which the input buffer Will over?ow is supposed to 
be OVR. The graph illustrated in FIG. 7 comprises a curve 
C+ Which is curve C lifted by an amount equal to OVR. 

Curve B is extended With tWo slopes: Rmin and Rmax. 
Slope Rmin indicates the minimum neW bit rate beloW 
Which under?oW Will occur. Slope Rmin touches one point 
of curve C only. If slope Rmin Were less steep, under?oW 
Would occur. Slope Rmax indicates the maximum neW bit 
rate beyond Which over?oW Will occur. Slope Rmax touches 
one point of curve C+ only. If slope Rmax Were steeper, 
over?oW Would occur. 

The joint bit-rate controller can calculate curve C and C+ 
for each encoder on the basis of messages provided by the 
encoder. A message may, for example, indicate the amount 
of encoded data contained in an encoded picture and the 
instant When the encoded picture Will be read from the input 
buffer of the hypothetical decoder. The joint bit-rate con 
troller can also calculate curve B until the instant T[i]+ATsW 
on the basis of the bit-rate pro?le of the encoder. The bit-rate 
pro?le is determined by the joint-bit rate controller itself. 
Thus, for calculation of curve B, it is sufficient that the 
joint-bit rate controller memoriZes the bit-rate control mes 
sages it has supplied to the encoder in a recent past. Once 
curve C and C+ have been calculated for the time interval 
betWeen T[i] and T[i]+ATeed, and curve B has been calcu 
lated for the time interval betWeen T[i] and T[i]+ATsW, the 
joint bit rate controller can calculate the minimum and 
maximum neW bit rate Which may be applied at the sWitch 

time T[i]+ATsW. 
FIG. 8 illustrates an example of a method of quantization 

parameter control in the encoder illustrated in FIG. 4. The 
method comprises a plurality of steps S1—S9 Which are 
carried out for each picture P. The steps S1—S9 may also be 
carried out for each slice in the picture P. It is assumed that 
the encoder operates in the single pass mode described 
hereinbefore. It should be noted that, in MPEG, there are 
three different types of encoding a picture: an I-type 
encoding, a P-type encoding and a B-type encoding. A 
picture Which undergoes an I-type, P-type or B-type encod 
ing Will be referred to as a type I, P or B picture, respectively. 

In a step S1, a picture complexity PCX is calculated for 
each type of picture I, P and B. Each picture complexity 
PCX is a product of the number of bits NOB produced by a 
recent encoding and the quantization parameter value QPAR 
used in the recent encoding. Each picture complexity PCX 
is in fact a past encoding experience for the type of encoding 
concerned. It can be used to predict, for a certain quantiZa 
tion parameter value QPAR, Which number of output bits 
Will be obtained if a subsequent picture is encoded. The 
picture complexity PCX for the type encoding to be used, 
may be divided by the quantiZation parameter value QPAR. 
The outcome of this division is a prediction, based on the 
past encoding experience, of the number of output bits 
Which Will be obtained. 

In a step S2, a group-of-pictures complexity GCX is 
calculated. The group-of-pictures complexity GCX is the 
sum of three terms. Each term relates to a different picture 
type and is the picture complexity PCX of the type 
concerned, multiplied by the number M of pictures of the 
type concerned Within a group of pictures, divided by a 
Weighing factor K for the type concerned. The group-of 
pictures complexity GCX is also in fact a past encoding 
experience, broader than the picture complexity PCX, Which 
can be used to calculate a value for the quantiZation param 
eter QPAR. For example, the group-of-pictures complexity 
GCX may be divided by a desired number of output bits to 
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10 
be obtained for N subsequent pictures. Accordingly, a value 
for the quantiZation parameter QPAR is obtained With 
Which, based on past encoding experience, the encoding of 
the N subsequent pictures should produce the desired num 
ber of bits. The latter, hoWever, need not be so. 

In a step S3, a picture-coding estimation PCE is calculated 
for each type of picture I, P and B. The picture-coding 
estimation PCE is product of a ?rst and a second term. The 
?rst term is the picture complexity PCX of the type con 
cerned divided by the Weighing factor K of the type con 
cerned. The second term is an initial value VALint for a 
group encoding-target GCT divided by the group-of-pictures 
complexity GCX calculated in step S2. The group encoding 
target GCT is the number of bits Which should be obtained 
by encoding the current picture and the N-l subsequent 
pictures. The initial value VALint for the group encoding 
target GCT is the number of bits Which Will be outputted 
from the output buffer during a period covering the current 
picture and the N-l subsequent pictures. Thus, the picture 
coding estimation PCE is based on the folloWing target: the 
amount of data Which goes into the output buffer OBUF 
should equal the amount of data Which is removed from the 
output buffer OBUF during the period concerned. The 
second term of the picture-coding estimation PCE represents 
a value for the quantiZation parameter QPAR With Which, 
based on past encoding experience, this target should be 
achieved. 

It should be noted that initial value VALint of the group 
coding target GCT depends on the joint bit-rate control 
messages received by the encoder. It has been explained 
hereinbefore With reference to FIG. 3, that these joint 
bit-rate control messages de?ne a bit rate pro?le for the 
encoder. The bit-rate pro?le determines the amount of bits 
the number of bits Which Will be outputted from the output 
buffer OBUF during a period covering the current picture 
and the N-l subsequent pictures. Since this number of bits 
is the group coding target GCT, the joint bit-rate control 
messages thus de?ne this target. Consequently, the picture 
coding estimation PCE depends on the joint bit-rate control 
messages. 

In a step S4, a predicted buffer fullness BF[nextI] at the 
next I-picture is calculated. The predicted buffer fullness 
BF[nextI] is based on the initial value VALint for the 
group-coding target GCT and the picture-coding estimation 
PCE derived therefrom. The predicted buffer fullness 
BF[nextI] is the current fullness BF[noW] of the output 
buffer plus a sum 2 of picture-coding estimations Which 
comprises a picture-coding estimation PCE for each picture 
until the next I-picture, minus the number of bits OUT 
[nextI] Which Will be outputted from the output buffer until 
the next I-picture. 

In a step S5, a buffer fullness surplus ABF is calculated. 
The buffer fullness surplus ABF is the difference betWeen the 
predicted buffer fullness BF[nextI] and a desired buffer 
fullness BF[des] at the next I picture. The desired buffer 
fullness BF[des] is preferably de?ned in such a manner that 
it corresponds to an input buffer at a decoding end being 
substantially ?lled With data just before decoding the I 
picture. 

In a step S6, an adapted value VALadp for the group 
encoding-target GCT is calculated. The adapted value VAL 
adp for the group encoding-target GCT is the initial value for 
VALint the group encoding-target GCT, Which is the number 
of bits Which Will be outputted from the output buffer during 
a period covering the current picture and the subsequent N-l 
pictures, minus the buffer fullness surplus ABF. 
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In a step S7, a picture encoding-target PCT is calculated 
for encoding the current picture. The picture encoding-target 
PCT is based on the adapted value VALadp of the group 
encoding-target GCT in the same manner as the picture 
coding estimation PCE is based on the initial value VALint 
of the group encoding-target GCT. The picture encoding 
target PCT is a product of a ?rst term and a second term. The 
?rst term is the picture complexity PCX belonging to the 
type of the picture to be encoded, I, B or P, divided by the 
Weighing factor K used for that type. The second term is the 
adapted value VALadp for the group encoding target GCT 
divided by the group-of-pictures complexity GCX. 

In a step S8, the picture encoding target PCT is veri?ed so 
as to obtain a veri?ed picture encoding target PCTver. In this 
step, it is checked Whether or not an under?oW or an 
over?oW Will occur at a decoding end if the encoding of the 
current picture produces a number of bits equal to the picture 
encoding target PCT. If there is neither under?oW nor 
over?oW, the veri?ed picture encoding target PCTver Will 
equal the picture encoding target PCT, that is, the picture 
encoding target PCT is not changed. If, hoWever, the picture 
encoding target PCT Will lead to under?oW or over?oW, the 
picture encoding target PCT is effectively clipped in replac 
ing it by a value for Which neither under?oW nor under?oW 
occurs. 

In a step S9, the quantization parameter value QPAR is 
controlled during the encoding of the current picture in the 
folloWing manner. The quantiZation parameter value QPAR 
is the sum of a ?rst term and a second term. The ?rst term 
is the picture complexity PCT of the type concerned divided 
by the veri?ed picture encoding target PCTver. The second 
term is the product of a deviation-from-target ATGT and a 
reaction parameter RP. The deviation-from-target ATGT is 
the number of bits NOBP produced thus far by encoding the 
current picture, minus the veri?ed picture encoding target 
PCTver multiplied by the ratio of the time lapsed thus far 
t-t0 in encoding the current picture, and the picture period 
Tp. The reaction parameter RP is 512 divided by the bit-rate 
R of the MPEG data stream DS. 

With regard to the quantiZation parameter control QPAR, 
the folloWing is noted. The ?rst term is a global or long-term 
strategy for controlling the quantiZation parameter value 
QPAR. Let is be assumed that the picture encoding target is 
not clipped, meaning that the veri?ed picture encoding target 
PCTver equals the picture encoding target PCT. In that case, 
the ?rst term corresponds to the Weighing factor K for the 
picture concerned multiplied by the group-of-pictures com 
plexity GCX divided by the adapted value VALadp of the 
group encoding-target GCT. The group-of-pictures com 
plexity GCX consists of a sum of products of “number of 
bits actually produced in the recent past” and “the quanti 
Zation parameter Which Was applied”. Thus, the ?rst term 
effectively represents a value for the quantiZation parameter 
QPAR Which, based on past experience, is expected to result 
in a number of desired bits. The second term is a local or 
short-term strategy for adjusting the quantiZation parameter 
QPAR. It is a kind of safety measure Which prevents the 
encoding from producing a number of bits Which deviates to 
a relatively large extent from the targeted number of bits 
being the veri?ed picture encoding target PCTver. 

The draWings and their description hereinbefore illustrate 
rather than limit the invention. It Will be evident that there 
are numerous alternatives Which fall Within the scope of the 
appended claims. In this respect, the folloWing closing 
remarks are made. 

There are numerous Ways of physically spreading func 
tions or functional elements over various units. In this 
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12 
respect, the draWings are very diagrammatic, each repre 
senting only one possible embodiment of the invention. 
Thus, although a draWing shoWs different functional ele 
ments as different blocks, this by no means excludes the 
implementation of some functional elements or all func 
tional elements as a single physical unit. For example, the 
output buffers of the encoders shoWn in FIG. 3 may be 
implemented as a single memory circuit as described in the 
International Application published under number WO 
96/20568. 
Although FIG. 8 illustrates an example of a method of 

quantiZation parameter control on the basis of the output bit 
rate, this by no means excludes other methods of quantiZa 
tion parameter control. All What matters, is that the extent of 
compression, Which in the FIG. 8 method is controlled by a 
means of target, is calculated on the basis of the output bit 
rate. 

Any reference sign in a claim should not be construed as 
limiting the claim. 
What is claimed is: 
1. A method of controlling a data compression assembly 

having several data-compression channels (DCC), a data 
compression channel (DCC) comprising: 

a data compressor (CMP) for compressing input data (D) 
so as to obtain compressed data (Dc); 

a buffer-memory space (BUF) for temporarily storing the 
compressed data (Dc) and for providing the com 
pressed data (Dc) in the form of an output data stream 
(DS); characteriZed in that the method comprises the 
steps of: 

establishing indications (IND) of compressed-data quality 
(Q[Dc]) versus extent of compression (E[CMP]) for 
respective data-compression channels (DCC); 

partitioning (JBRC) a total output bit rate (Rtot) over 
respective output data streams (DS) in dependence on 
the indications (IND); 

controlling (CON) the extent of compression in respective 
data-compression channels (DCC) individually on the 
basis of output data stream bit rate (R) and amount of 
compressed data stored in the buffer memory space 
(BUF). 

2. A method of controlling as claimed in claim 1, char 
acteriZed in that for a data-compression channel (DCC) it 
comprises the steps of: 

a ?rst data compression (DC1) for establishing the indi 
cation (IND) of compressed-data quality (Q[Dc]) ver 
sus extent of compression (E[CMP]), and 

a second data compression (DC2) for providing com 
pressed data (Dc) Which Will form part of the output 
data stream (DS). 

3. A data-compression assembly having several data 
compression channels (DCC), a data-compression channel 
(DCC) comprising: 

a data compressor (CMP) for compressing input data (D) 
so as to obtain compressed data (Dc); 

a buffer-memory space (BUF) for temporarily storing the 
compressed data (Dc) and for providing the com 
pressed data (Dc) in the form of an output data stream 
(DS); characteriZed in that respective data-compression 
channels (DDC) are arranged to: 
control (CON) the extent of compression individually 

on the basis of output data stream bit rate (R) and 
amount of compressed data stored in the buffer 
memory space (BUF); 

establish indications (IND) of compressed-data quality 
versus extent of compression; 
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and in that the data-compression assembly comprises a joint 
bit-rate controller (JBRC) for partitioning a total output bit 
rate (Rtot) over respective output data streams (DS) in 
dependence on the indications (IND). 

4. A computer program product for a data-compression 
assembly having several data-compression channels (DCC), 
a data-compression channel (DCC) comprising: 

a data compressor (CMP) for compressing input data (D) 
so as to obtain compressed data (Dc); 

a buffer-memory space (BUF) for temporarily storing the 
compressed data (Dc) and for providing the com 
pressed data (Dc) in the form of an output data stream 
(DS); and 

control circuitry (JBRC, CON); 
the computer program product being characteriZed in that it 
comprises a set of instructions Which, When loaded into the 
control circuitry (JBRC, CON), causes the data-compression 
assembly to carry out the method as claimed in claim 1. 

5. A method of controlling a video-encoding assembly 
having several video-encoding channels (ENC), a video 
encoding channel (ENC) comprising: 

video-encoding circuitry (EC) for encoding video data so 
as to obtain encoded video data; 

a buffer memory space (OBUF) for temporarily storing 
the encoded video data and for providing the encoded 
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video data in the form of an output data stream (MDS); 
characteriZed in that the method comprises the steps of: 
establishing (GS2) picture-complexity indications 

(IND) for the respective video-encoding channels, a 
picture-complexity indication (IND) for a video 
encoding channel relating to an average complexity 
of pictures (AVX) to be encoded by that video 
encoding channel; 

partitioning (GS3—GS6) a total output bit rate (Rtot) 
over respective output data streams (MDS) in depen 
dence on the picture-complexity indications (IND); 
and, Within a video-encoding channel (ENC), 

determining (S1—S6) a target (GCT) for a group of 
pictures to be encoded on the basis of the output data 
stream bit rate of the video encoding channel and the 
amount of encoded video data contained in the buffer 
memory space; 

deriving (S7,S8) a target (PCT) for a current picture to 
be encoded from the target (GCT) for the group of 
pictures; and 

controlling (S9) the video encoding circuitry (EC) on 
the basis of the target (PCT) for the current picture 
so that the encoding of the current picture produces 
an amount of encoded video data Which is substan 
tially equal to said target. 

* * * * * 


